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BETA RDIATION SXXH hmom ( BSIA EttIxNo) FmM FALLOUTRAOXATION8

Drookhavm Natiou;tl 1.:}I,(),;I:{,,;,
Imwoucmon

The relatire importance of bet% compared to gamma radiation in fallout mate-

.U@~ ~ L, ~CW York rial in terms of caaualty production has been subject to debate. Before the acci-
dental exposure of the Marsbslleee ( 1 ) and the Japanese fishermen in March of
1964 (2), the tendency was to Ignore fallout in general, and betn radiation from
fallout in particular, as formidable injurious agents. The eventa In March of
1!X4 served to demonstrate mmclnalvely, ( 1 ) that high-leTet radloartive fallout
can result in extremely wldamread aerhha injury and even death in an afkted
population, and (2) that extenatve beta leaiona of the skin can result, in the
atmence of a lethai exposure to penetrating gamma radiation, in an unprvparwl
population exposed to large amounts of radioactive fallout. In this preaentutlon
the natnre and extent of aktn damage that might malt from exposure to large
amounts of mtdioactlre fallout vrtIl be twiewed. In doing thle heavy reliarme
will be placed on the Marahailcme data (although other examples are available),
since these data represent a welldomtmented example of failout beta ieaions
in a sixabie population of human beingq and since the author obaervvd and
helped care for the Individnaia involved and thus can speak from tlmt-baud
qrience. Following thla rtiew of the nature of akin damage that can reeuit
from radioactive faUout, the possible degree to which the Marshallese situation
might pertain under circumstances In the Thtited Matea mther than In the

6ML RELOROS
roid.Pacific, and nnder circumstances in which the exposed population is better

REPOSITORY informed and better prepared, will be amsidered. Finally, an attempt will be
mado to place the potential beta lesion problem in pempwtive rrlth regard to
its aeriousneaa compared to the haxard from the penetrating gamma radiation,

COLLECTION M4RfAIALi ISL 4 NOj- which of course IS invariably present.
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Xow with respect to the beta Ieelona In the Marshallese ( the aiYected areae
are termed “’beta lesions” since a very large percentage of the dose rm?eived by

FOLCKI? * 221 -Zqz the ekin surffice resulted from beta radiation). Thee@ Individuals were show.
ered with radioactive fallout followlng the detonation in March 1954 of a htgh
yield thermonuclear device durtng weapona teatlng at the Pacific Proving
Grounds. The wind shifted u.npmdictably following the detonation, leading to
unexpwmd fallout In significant amounts being de~ited on the atoita of Ron~
lap Rongerik and Vterik. The W Marahalleae Individuals on Rongelap at the
time. 105 nautical mllea from the detonation, received the largest exposure and
I ahaii confine my m?marks to this group. The faliout was visible on Rongelap,
described as anowlike. and began falling approximately 5 houm after the det~
nation. The material was deposited on the ground and on the thatched-roof
houses, as weit as on the cloth- hair, and skin of the ptwple. The indivtduais
remained on the island for approxhnateIy 2 daya at which time they were trans-
ferred to the U.S. Naval Station at Kwajalein for medical observation.

No d{simeters were present on the island, and the dosea of gamma radiation
received were eatlmated f rem average readlngx of snrvey hmtruments held 3 feet
above the ground. of the order of a weak foUowing the detonation. From these
readings it was estimated that the Elongaiapese received approximately 175 r.
of penetrating gamma radiatiq dose memm-ect essentially free In air. In addi-
tion to gamma exposure, these individuals received large doses of beta radiation
In areaa of the body in which the @iiout materiai waa adherent to tbe akin. It
1s not ~ible to calcutate wtth any ramonable degree of ammracy the dose to
the skin from beta radiation. Rutimatee involvtng the known minimal dose of
radiation to ranse hair 10SS or epiiation indicate that the surface of the nkln
probably received of the order of 5,000 or more mtda.

With regard to ayruptomatology, with the exception of nausea in some two-
thirda of the individnaia during the first 2 day% and vomiting and diarrhea in a
smaller percentage, no symptoms dereloped that conld be ascribed to penetrating
gamma radlationa. However, the penetrating radiation did renult in marked
Peripheral biood connt changes. No death occurred aa the result of irradiation
and all Mgos and symptoms except the Initial gaatrointeat!nal eymptonm re-
ferred to were related to beta leatona of the akin.

Within the tlmt 2 daya of exposure a numtwr experienced tranaltory itching
and burning of the akin, and some ~p]afned of Iacryrnation. No ftiher a!gna
or ~ymptoma referable to the akin were noted until about 2 weeks after exposure,
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where akin lealoM and apllatl~ or loea d hair, waa noted. Approximately WI
P-e@ of t~ lndlvlduala ahowad come damage of thla nature to the ak@ and
a mmller number eho~ aptty apllatkn. l’BO skin lcgiona flint appeared as
OIMll, reload Pbmted meaq which Mar coal- to form more extemal?e
lealona. The nature of tkae laaiona is indlcatad in ttgurea 1 to 6 (pp. 284 to !M9).
Moat of the Iaaiona were sttperdcial and exhltdtad dry daeqwunatlon or 1000 of
akin surface much Uke ● fairly WVOTOatmburm. EaaentIally all laaiona were 1-
cated in skin areas not coverad by clothlng, aud they were moat prevalent in the
folded areas of akin where perspiration would tend to collect. Even thki cloth-
ing apparently served @ prevent vlalble damage. The superficial lwdona re
qulred no therapy beyond blan& aoothlng preparation and apparently complete
henling occurred within a few weeks. Eoroe of the Ieaions were deeper, however,
and showed wet daaquatnation or loaa of akin. Such Ieaions became infected,
and required treatment with antibhtica. ,~e affected areas with the exception
of one, alao healed in a matter of weekm with some residual scarring, atrophy
and deplgmentatlon. On foUowup examination Ln the 5 yeare nlnce the acci-
dent (2-7), none of the ketone has shown a tendency to break down, nor haa
premalignant or mallgnant change octurred.

In the course of Initial O&ervation itwas not neveeaary to hoapitallze any of
the patients. Some ftehin~ but no pain was aaawtated with the aupeficial
Idons; however by no standard could these people be considered incapacitated.
Mild pain was aaeoctated w[th the deeper leeious and some di5culty with walk-
ing reeulted with the deeper leaiona located on the feet. Here also, however, it
would hare been diflicult to claaeify ,theae individuals ae incapacitated. If
n~ry. they could have t=rformed e-entlally any ta8k aaeociated with daily
Ilvlng and survival.

APPLICAVIOX OT TIM MABSRALLXJ3Z BXSULTUTO FALLOUT 81TUATIOI’W IN OCNRLAL

80 much for the Mamhallwm accldeat Indicating that extensive beta akin
lealona can occur in the face of sublethal gamma expaure; now let ua consider
to what degree the hlarahalleae Incident may be mmaldemd typical of what might
occur In Mae of widespread fallout in populated areas of the United Statea from
deliberate attack, or fmm accidental nuclear weapon detonation. And I wish
now to make It perfectly clear that I speak of a dltta~ter altuatlon, not routine
peacetime operation and certainly not the long-range fallout that has resulted
in essentially worldwide, very low.level contamination. There are several far.
tors that would make one coneider the Marehalleae Incident the worst that could
reasonably pertain with m?apect to the baxard of beta radlatlon relatlve to that
of ga mtna radiation (of comae, populations might be expoeed to conaiderabl y
larger dmwa of both bea and gamma mdlation than were the Marahalleee).
These people were not akrted to the poaalble hazarda of failout and had no
comprehetmlon of what waa happening: thus they took no evasive action and
made no effort to decontaminate themeelvem American mervtcemeu on a nearby
contaminated Island. who were more alert to the danger and added clothing and
decontaminated thetnaelvea ehowed conaidembly lees ef?ect tian did Matahalleae
comparably exposed. The Rongalapeae were not evacuated from the contato.l-
nated iniand. and thus wem not deeontaminnted for 2 dnys, at whleh time a
large percentage of the doxe from the rapidly decaying daaton prodncta had
hem rewived. It 1s clear that the great buik of the beta uwe was derived from
materiai depoeit@d on the akin, and the hablta of the Marahalleee tendti to
maximize tbe depotdtion of the material on the skin. They wore rather .mmty
clothing and no ahoea, and spent a good deal of time out of doors. The use of
thick hair oil aided In collecting the material on the head. The high humidity
and sweating contributed by encoumging the matertaI to collect on the akin.
Thun one might conclude that the beta leaiona would constitute an extmaive
problem oniy under the mther favorable condttfona for {t that were preeent in
the Marahaileee, and that the problem would ~t.lally not exist ahouid an
Amertcan eit y be subjected to fallout radiation. And further, one could con-
clnde that since beta &in lealone might k claadtled more nn a minor effect and
a nuisance rather than an inca~cltattng or deadly one, that one might e8twu.
ttally Ignore the pfibl~ in the face of the known serious conaequencea of the
Penetrntlng gamma radiation and other potontlally lethal modalltk!. Thla
evaluation could pertain: howev~, it ia neceaeary tO inject a word of caution.
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Itlaqllit4! truethat AmerkaM spend a good deal of time inalde: however,
rmder come cl~~- (w8rrMw ~OU4 summertime) ckable numbers could
be outdde, with portions of the ~In exposed. Also, especially in the periuherel
xone from the point of detonation where windows xnay be shattered without
other aeriomt structural damagq It may not be naceaaam to be outside to have
ma~rial depmited on one. Fallout on a PMV1OUS1Ydernatated area would ~
nent a Iikt pictuR. The fallout vraa vlalble in the Marahalls: it might not be in
continental aurroundlng& ~ a thin layer of clothlng Protectd the
MarahaUeae from daible damage from fallout from the particular device em-
ployed. I do not know to whnt degree the beta eaergy spectrum from this device
would retm=ant c- that from mom recent devlm. One cannot 1~01’c tie
~ibillty of fallout coming down in rniw in which event clothing, if not re-
movcxi, might prcwlde the ideal situation for severe beta Iealona. It Is entlreh’
poaeible under the chaotic condltlone that would exist following attack that no
faclllti~ for adequate daontam Inatlon may be available. An edueate& ~
pnred popalatlon under almoat any cirmmatancea can do mue.h to Icmwmthe de-
gree of damage or ●wMd damace completely: however, in the author’s opinion.
the vaat majority of Americana are neither pre~red for, nor educated to the
danger of faUout in gen~ let ●lone the poaeible hazard fmm hetn mdlatkm.

The main point to be made from the above remarka ia that while beta laalona
considered in the overall poaatble caaualty aituatlon% undoubtedly in a leaaer
conaideratiom it la still poaatble that appreciable eegmenta of the Involved popu-
lation might develop beta leelona if exposed to falloht and no preventive meaaurea
were taken. If this be the aituatlom the reaulta potentially could be more
eeriona than in the MamhaUeae, and much more than a mere nuisance, for the
following reaaona: in the Marahalleae, whUe the white count of the blood was
markedly depreaae& thla and other immune mechan[ams apparently were ne~er
Imwimd to the point at which the individual was not able to ward off poaaible
lnvadlng organlmna. Further, the point of maxlmnm effect on the white count
occurred relatively late. in the dftb aud alxth week after the twta Ieaiona were
well on the way to heallng. With a larger dose of gamma mdlatlon, and had
the Marahalleee been only ● k mike further north than they were at the time
of fallout they would ha~e received a considerably larger dose, the sdtuation
might have linen dl.Uerent. The wtdts count would have fallen faater, and it
and other immune mechanbnna would have been eerionaly @ected. Then more
of the Ieaiona might have become infected, and in addition the open lenlone
would provide a portal of entry for invading organisma leading potentially
to genemllaed lnfadion. Infection & Ute problem of perhapa greatest magnitude
with maaahe total body gamma exposure, and with open skjn Iesiona many
might ~b that otherwi~ might survive. This eqxwially under conditions
that undoubtedly would perta@ in which no, or tnadeqnate, medical care would
be available. Thu& at ~~ I do not think we should ignore mmpleteiy the
beta Ieaion problem.

In summary, there can be no doubt thatin a fallont field, within houm and
perhapa dan of d!tona~ penetrating gamma radiation is the controlling
baaard. Qamma radiation la the ●gent that kiUIJ prtmartly. However, there
alao is no doubt that extenahe beta ledona have occurred, and might occur under
some eonditlona in a fkllont deld. In an unprepared population unaware of the
potential da~r, beta akin Iemtonammld represent a potentially oerioua hazard
to appredable nnmbem of tndtviduala exposed. In a well-prepared population
edncated to the potential ~ the beta akin Ieeion problem would be mlrdmal
indeed.

81JMMABT

The MamhaIkae acctdent in March 1954 demonstrated clearly that extensive
beta leaione of the akin, in the abaence of a lethal dose of gamma mdfation,
can occur under come conditlooa tm an unprc~red popula tlon exposed to a
high-leveI fallout radiation The fallout began on Ftongelap Atoll in the
Mamhail Islands approximately 5 bourn after the detonation of a high yield
thermonuclear device, and the 64 lndlvlduela on this atoll were evacuated
approximately 2 daYs later. h estimated17G r. of pcwetmtlng gamma radiation
waa delivered to the entire body, in addition to large doses of beta mdlation
to exposed areaa of akin to which the fallout material clung. Hegtnnlng approxi-
maffly 2 weeks after expoaurq Iesione of the skin ●ppeard on aotneW percent
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of the indl~iduala. The aUected amms Jnduded the hea~ and other locatJona
where the matertal bad depoedted. Moat of the leqJonGwere auperlkial and beakd
mpldly. Some were deep and painfd, aod healed more slowly with emne
reddnal acarrJru. There haa been no avt&meo todateofaecomdav~
or mal~ant c- in theaa laebrta

Sereral factora ~ that made &e Marahallaa lnchlent ~ly the
womtthat could ha~titi raepacttotIM~UwlIO~- of the bata
haaard under cond[t.lone of falJout (c# cmma poptdatlona codd be expmad @
muchlarger total d~of~ titi~ntitioIM~ ~the Mar-
shalleae). The people wem not ed~ nor prepared for the danzer, and Pro-
longwl expoaura without evaalve aetkm or &mOntamlnaUa occumwl The
climatic condJti~ condndre to redat.i~ ~ty dotldng and outdoor exIatance
elaohwreaaedthe~of~ Under eomditlona of llving Jn ● tern.
perate cllma@ many of ~ ●dverae fa@oM W- not ~Uy be operative
and thus the beta problem would be ~ to be mlrdmaL However, it moat
be pointed ont that expoaum to contact ~ XMoa cd a daable nnmber of in-
dividuals m@tt occur in an anfnfora@ popalatfoa under come conditJona (am
of milder climate or in aumroar, lnditi~ b bulldlnga with ahati windows,
fallout on a prevJouaJy &vaa~ti ~ d- lndfidua~ caught @ rxdb
active rain ), or under chaotic coadltimu in whleh decontamhtatlon might not be
poaaible. In thaae ●ffected lndlviduaJa, In the abeence ot decontamlnatJo~ the
remdtant skin lealona in some could be mti more aerlone than thae aeeo in
the Pacific Mands. If the concomitant gamma expoanm were blgher than that
remelved by tbe kfarahdl~ which U codd eaalIs ~ the readtant ~reaatoa
of the white b[owl cell count and of otir immune mechanJama n~ to
combat infection wonJd be ~t~y mom aever~ Under theee drcnm-
stancee the open IBWIketone couJd aerra u ● portal of entry for orgmbmk
leading potenthlly to fatalitlea Jn IadWJdoala that mJght otherwiee mimive.
Thus whlJe the penetrating gamma brd woald by ●ll odda be the moat letlml
agent in a fallout fiel~ the beta akin haaard unnot ba Jgnored and mnat be
guarded agalnat. OnJY 10 a popolatkm that Ja informed of the potentJaJ danger
and Japrepared wUJbetahaxard bereduced toambtnmm.
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~OUltC 2.—Extemsire neck h#OIU 00 ● WO_n 8wCOXi_t4?iy W tiy8 aftl!c
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FIGUIIIC4.—The came laioa BAWWIIla dg’ore ~ 6 month later. ~ea.@ 1s com-
@eta with residual marriruG ●trophy, and depIgmentation.
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FIamm 5.—Head Ieaiom and spotty epilatlon in a young girl 28 days after
expomtre.
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FIG(’KX tL.4Mmplete regrowth of normal ha(r in the same girl ~hown In figure
!5,6 moaths after exposure.

Representative HOLIPIELn. .\t this point I would like to submit for
the record, a statement by Dr. Conwd, und his wmciates on the Medi-
cal Survey of the Rongelap Pwple, March 1958, 4 years after exposure
to fnllout ; wnd the qort of the .Medical Status of the Rongela} %0-

!
~le 5 }’wtrs .~fter ~,xposure to Fnllout Rndiutlon, by Dr. Lonard,
w.ud of the Mtirshnll Island survey=

(The mata-ial rwferred to follows:)

PRIVACYACTMATERIALREMOVED
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